A collision tumor of T and B-cell lymphomas occur rarely. In this article we report a collision tumor of anaplastic large cell lymphoma and diffuse large B cell lymphoma in a 46 years old female. The tumor showed predominantly neoplasmtic anaplastic large cell lymphoma (ALCL) component expressing CD30 and ALK with smaller areas of CD20+ diffuse large B cell lymphoma component. Polymerase chain reaction for T-cell receptor beta and IgH (VDJ) gene rearrangements detected a clonal T cell and a clonal B cell population. The patient developed CSF involvement approximately 3 months after treatment. CSF analysis at this time showed only monoclonal T cells, probably due to clearing of the B cell component by the chemotherapy. To the best of our knowledge this is the first case report of a composite tumor of ALCL (lymphohistiocytic variant) and DLBCL. This case raises issues related to the classification of these composite lymphomas and the treatment on initial presentation and during relapse.
Introduction
Collision tumors are rare disease entities in which two histologically distinct tumor types occur simultaneously at the same anatomic site. Collision tumors have been described between chronic lymphocytic leukemia (CLL) and invasive ductal carcinoma of the breast [1] , T-cell lymphoma and squamous cell carcinoma of the lung [2] , Hodgkin's disease and metastatic breast or cervical cancer [3, 4] , Non-Hodgkin lymphoma and Kaposi sarcoma [5] , mucosa-associated lymphoid tissue (MALT) lymphoma with gastric adenocarcinoma [6] [7] [8] or breast invasive ductal carcinoma [9] , among other combinations. Collision lymphomas, especially those between T and B-cell lymphomas occur rarely. In a literature review by Abou-Elella and Nifong, there were only 46 published reports of such lymphomas between 1985 and 2004. Of these, T-large granular lymphocytic leukemia was the most frequently identified T-cell component, and diffuse large B-cell lymphoma (DLBCL) was the most frequent B-cell component [10] . In another case report, a composite ALCL and Hodgkin lymphoma developed in the setting of CLL [11] . The underlying pathogenesis of composite lymphomas remains unknown. Current hypotheses include cytogenetic alteration of a pluripotent cell prior to differentiating into B-and T-lymphoid lineages, independent clones arising separately but simultaneously into B-and T-cell tumors, immune dysregulation leading to the emergence of mixed neoplastic clones, EBV infection or reactivation and subsequent clonal expansion of immortalized EBV-infected B-cell clones, chemotherapy for one tumor resulting in the emergence of another, or coincidental existence of more than one lymphoma at the time of diagnosis [12] . Here we describe a patient with composite ALK-1 (+) primary systemic ALCL and DLBCL.
Clinical History
A 46-year-old Caucasian female presented with a 4-week history of lymphadenopathy in cervical, left supraclavicular, right axillary, right hilar, retroperitoneal, right external iliac chain and right inguinal areas, and associated symptoms with fever, night sweats, and weight loss. Her past medical history was notable for iron deficiency anemia, obesity, gastric bypass surgery, and cholecys-tectomy. Her family history was significant for breast cancer, thyroid cancer, and malignant melanoma in her siblings. Physical examination showed palpable lymph nodes in the right cervical and bilateralinguinal regions. CT imaging showed lymphadenopathy in the lower retroperitoneum, right external iliac chain, and splenomegaly. A PET scan showed increased metabolic activity in these lymph node regions, with SUV ranging from 1.9 to 19.9. Laboratory investigations showed WBC count of 3.6 K/mL, hemoglobin of 9.2 g/dL and platelet count of 187 K/mL. Her initial lactose dehydrogenase was 543 U/L and peaked at 775 U/L. The patient initially underwent a bronchoscopy at an outside institution, with the intent to biopsy one of her mediastinal lymph nodes; however, this procedure was aborted due to hypoxia and hypotension. After transferring to our hospital, she underwent an excisional biopsy of a left supraclavicular lymph node.
Materials and Methods
Immunohistochemistry was performed on 4-micro section of paraffin-embedded tissue (FFPE) on a positively charged slide. After deparaffinization, the tissue was rehydrated through xylenes and graded ethanol solutions to water. All slides were quenched for 5 minutes in a 3% hydrogen peroxide solution in water to block for endogenous peroxidase. Antigen retrieval was performed by a heat method in which the specimens were placed in a citric acid solution (pH 6.1) for 25 minutes at 94˚C and cooled for 15 minutes using a vegetable steamer. Slides were then placed on a DakoAutostainer System (Dako Tucson, AZ), for use with immunohistochemistry. The first antibody, CD20 (L26, Dako, 1:400), or CD30 (Ber-H2, Dako, 1:120), was incubated for 30 minutes at room temperature. The detection system for the primary antibody was Envision Plus HRP from Dako. For double staining, serum-free protein block (Dako) was added followed by anti-ALK (SP8, Abcam, 1:100) and incubated for 30 minutes at room temperature. The detection system for ALK was Mach 4 alkaline phosphatase (Biocare Medical) and Vulcan Fast Red was used to develop ALK producing a bright Fuchsia precipitate so that the two primary antibodies could be easily differentiated. Slides were then counterstained in Richard Allen hematoxylin, dehydrated through graded ethanol solutions and cover slipped.
Chromogenic In-Situ Hybridization (CISH) was performed to detect EBV infection using Ventana Medical System's INFORM EBER (Epstein-Barr Early RNA) Probe Reagent on the Ventana Benchmark XT Slide Staining System (Ventana Medical Systems). Briefly, the FFPE sections were cut, placed on positively charged slides, and dried in a 60 degree oven for an hour prior to deparaffinization. Once slides had been oven-dried, they were then loaded onto the XT, where they were subsequently deparaffinized, rehydrated, and treated with Protease 3 (Ventana) at 37˚C for 4 minutes. Slides were rinsed. Approximately 100mL of INFORM EBER probe, a DNP-labeled oligonucleotide probe in a formamidebased diluent, was then applied to each slide, denatured at 85˚C for 12 minutes, and then hybridized at 47˚C for one hour. A stringency wash (2× SSC) was performed at 65˚C for 4 minutes, followed by 3 additional stringency washes at room temperature, 4 minutes each. Detection was performed using Ventana Medical Systems Blue plus Detection Kit. This kit consists of a primary rabbit anti-DNP reagent, which detects the DNP labeled probes bound to the target sequence. This is followed by an amplification reagent (mouse anti rabbit antibody) and the binding of a biotinylated secondary antibody (goat antimouse IgG). Streptavidin conjugated alkaline phosphatase is then utilized as a chromogenic enzyme (BCIP/ NBT), which generates an intense blue color reaction at the target site. Slides are then counterstained for 4 minutes using Ventana Medical Systems Red Stain II. Once staining is completed, the slides are removed from the XT automated stainer, briefly washed in warm, soapy water, and rinsed in ddH 2 O. Slides are then dehydrated through graded alcohols, acetone, and cleared in 3 changes of xylene. They are then mounted with a Xylene based mounting media (Micromount, Surgipath).
Fluorescent in Situ Hybridization (FISH) was performed to detect the translocation of ALK gene on (2p23) using ALK dual color break apart probe (Vysis ® , Abbott Laboratories, Abbott Park, IL) on tissue sections at 2-µm as described previously [13] . The slides were visualized on a fluorescent microscope (Olympus BX51; Olympus, Tokyo, Japan) equipped with a digital image analysis system. The presence of ALK translocation was defined by the presence of a normal intact signal (yellow) and separated green and red signals apart from each other at a distance of at least 3 signal widths.
TCR-beta and IgH (VDJ) gene rearrangement were performed as described previously (Christian et al., 2010) on the FFPE tissue sections. To detect the clonality present in the CSF, the cell pellet was obtained after spinning down at 400 rpm on a table centrifuge at room temperature. The genomic DNA was extracted from the cell pellet using QiAamp DNA Mini Kit (Qiagen) according to the manufacturer's procedure. Ten (10) ng of prepared genomic DNA was applied to a 25-mL reaction mixture containing HotStarTaq Master Mix (Qiagen) and forward and reverse primer mixtures (Invivoscribe Technologies, San Diego, CA), and PCR-based clonality assay for TCR-beta or IgH (VDJ) gene rearrangement was performed as described previously [13] .
Results
The H&E of the lymph node biopsy shows the effaced nodal structures by heterogenous populations of cells including numerous histiocytes, small lymphocytes, and anaplastic large cells (Figure 1(a) ). The anaplastic large lymphoid cells had abundant cytoplasm, horseshoe ("hallmark") nuclei with prominent nucleoli (Figure  1(a) ). They infiltrated confluently along the vessels, or colonized the residual germinal centers, forming motheaten appearances. In the same lymph node there were simultaneously infiltrated by a monotonous population of large atypical lymphoid cells with relatively round nuclei without anaplastic morphology. Immunophenotype by flow cytometry demonstrated an aberrant T cell population expressing CD2+, CD3+, CD7+, and CD8+ with loss of CD4 and CD5. The B-lymphocytes were polyclonal. The differential diagnosis of ALCL versus peripheral T-cell lymphoma (PTCL) was considered.
Immunohistochemical stains were performed for CD3, CD20, CD15, CD30, and ALK. There were numerous histiocytes highlighted by CD56 and reactive T-lymphocytes highlighted by CD3 stains. The anaplastic large cells were positive for CD30+ (Figure 1(b) ) and ALK (Figure 1(c) ) but negative for CD15 or CD3, which supported the diagnosis of ALCL. Results of FISH demonstrated the presence of translocated ALK gene in the ALCL cells (Figure 1(d) ).
CD20 stain, however, highlighted numerous monotonous large lymphoma cells (Figure 2(a) and insert) , highly suspicious for a collisional B-cell lymphoma. Molecular studies by the polymerase chain reaction (PCR) for T-cell receptor-beta (TCRb) and IgH (VDJ) gene rearrangements detected both as clonal in the specimen, supporting the diagnosis of composite lymphoma (upper and lower panels, Figure 2(b), respectively) .
Since ALK Anaplastic lymphoma kinase (ALK)-positive diffuse large B-cell lymphoma (DLBCL) is a rare variant of DLBCL that has been described in previous reports, we used dual antibody immunohistochemistry in a combination of CD20 and ALK or CD30 and ALK to further characterize the composite lymphoma. We applied mouse monoclonal antibodies for CD20 or CD30 as first primary antibody and detected by Envision Plus HRP (Dako) and DAB chromogens which produced a brown precipitate on the cell membranes and cytoplasm. Then ALK proteins were detected by rabbit monoclonal antibody using Mach 4 alkaline phosphatase and Vulcan Fast Red (Biocare Medical). Using this strategy, two populations of neoplastic cells, CD30+ were ALK positive (CD30+/ALK+) (Figure 2(c) ) and CD20+ were ALK negative (CD20+/ALK−) (Figure 2(d) ), were easily distinguished and these results confirmed that DLBCL are negative forALK [14] [15] [16] . The lymphoma cells are negative for Epstein Barr Virus encoded RNA (EBER) by ISH. A bone marrow biopsy and aspirate showed no evidence of either lymphoma in the marrow. The patient was initiated with CHOP and then switched to 6 cycles of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP). While getting CHOP, the patient was found to have CNS involvement 2.5 months later by the T-cell component only as evidenced by rearranged TCR-beta gene while IgH gene rearrangement was negative. The patient received intrathecal methotrexate therapy for that. Disease reevaluation with a PET scan performed 5 months later showed complete remission. One month later, the patient developed skin nodules, pruritic skin rash as well as lymphadenopathy of left cervical area and left axilla but systemic review was unremarkable. A skin biopsy as well as cervical lymph node biopsy was performed and consistent with ALCL component. The patient received salvage chemotherapy with ICE and planed for stem cell transplantation. She developed fever, respiratory failure, and septic shock even with broad spectrum antibiotic treatment. The patient passed away 9 month later due to cardiac arrest.
Discussion
A composite lymphoma of B and T cells is a rare occurrence. To our knowledge, a composite lymphoma composed of ALCL (lymphocytic-histiocytic rich variant) and ALK-negative DLBCL has not been described in literature. Our case is unique in several aspects. Firstly, it is a lymphohistiocytic rich of ALCL, a rare variant of ALCL in which there are diffuse infiltration of histiocytes and small reactive T-lymphocytes. Flow cytometric analysis might reveal the immunophenotypic abnormal T-cell population, such as loss of CD3, CD5 and CD4. ALK+ ALCL cells were clearly co-expressing CD30. The ALCL cells were clonal showing rearranged TCRbeta genes, presence of ALK+ translocations and these cells expressed CD30. The second DLBCL population is small and was not detectable by flow cytometry. However, the clonality of rearranged IgH gene demonstrated DLBCL were clonal in nature and expressed CD20. It might be difficult to differentiate if DLBCL expresses ALK or not, but dual color and dual antibody IHC solved this problem as shown in this case. In this case, the DLBCL cells didn't express ALK. Therefore, there is no clonal relation between ALCL and DLBCL in this collision tumor.
In the majority of collision T and B cell lymphomas reported in the literature, EBV could be demonstrated, indicating the role of this virus in the development of these tumors [12] . Our patient did not have any predisposing immunological condition and EBER was negative, the latter was consistent with previous reported results that EBV usually was absent in ALCL [17] . The patient did not have any prior history of chemotherapy. However, a family history of malignancy and her past chemical exposure to PFOA might suggest tumorigenesis and multiple clonal evolutions of different tumor clusters. In our patient, CSF involvement, consisting only of the T cell component, was diagnosed within 3 months of initial diagnosis. This finding further proves that there were two separate neoplastic clones. She might have cleared her CSF B cell component after intrathecal methotrexate. However, the ALCL component revolved and disseminated which conferred in an inferior prognosis.
This case raises issues related to the classification of these composite lymphomas and the treatment on initial presentation as well as during relapse. Also questions regarding age/sex predilection and chromosomal aberrations associated with these tumors are raised. Clearly more studies are needed to help in understanding the pathogenesis, treatment and prognosis of these rare tumors.
